Background: The classification of diversity in germplasm collections is important for plant breeding. The repetitive element palindromic-polymerase chain reaction (rep-PCR) technique was used to investigate inter-specific diversity within 17 species from the Euphorbiaceae family using REP and BOX primers.
Introduction
Establishing correct description and characterization of accessions is important for identification of individuals at the species or sub-species level or distinguishing different varieties or inbred lines for phylogenetic or breeding purposes [1] .
The genus Jatropha is morphologically diverse with up to 175 species [2] and is an economically important plant in more than 50 countries [3] and, Jatropha curcas in particular, has an enormous potential as a biodiesel plant [4] . The full exploitation of the plant has been slow due to a number of factors including unreliable and low seed set, low oil yields, the presence of toxins and antinutritional factors [5] . Knowledge of genetic diversity, relationship and variation in species is a pre-requisite in any breeding programme [6] . Genetic diversity in the Jatropha germplasm has been investigated previously based on agromorphological traits [2, 6, 7] , biochemical traits [6] , molecular markers including isozymes [6] , RAPDs [8, 9, 10, 11] , ISSRs [8] , AFLPs [11, 12, 13] , single primer amplification reaction (SPAR) [14] , SSR [13] and nrDNA ITS [10] .
Organellar genomes -chloroplast DNA (cpDNA) and mitochondrial DNA (mtDNA) -have been increasingly used in recent years as markers to assess maternal/or paternal gene flow because of their uniparental mode of inheritance [15] . Molecular markers such as RFLP, and RAPD, PCR-RFLP, which assess genome-wide variability, have been employed to detect variations across mitochondrial genomes or to identify specific cytoplasms [16] . Short repeats are common in the mitochondrial genomes of both lower and higher plants [1] and about 10% of most sequenced plant mitochondrial genomes are constituted by repeats. An alternate strategy to assess the variability in mitochondrial genomes is to exploit the presence of repeated regions within the genome and mutations involving structural rearrangements [17] . Mitochondrial genomes are considered to be of prokaryotic origin and variable number of tandem repeats (VNTRs) have been found in plant mt-DNA [18] .
Repetitive sequence based polymerase chain reaction (rep-PCR) technique has been devised for characterization of bacteria and is widely employed to distinguish species, strains, serotypes, among others. The technique was devised [19] and uses three specific primers, designated BOX, ERIC and REP which have been designed to match the conserved sequences distributed in diverse bacterial genomes. These primers amplify genomic regions located between repetitive sequences and have proven extremely useful in the study of microbial diversity. With regard to plants, rep-PCR has been used to determine the different cytoplasmic male sterility (CMS) lines of Brassica juncea [20] and for identifying mitochondrial genome diversity in safflower (Carthamus tinctorius L.) and its wild relatives [21] . However, mitochondrial diversity studies have not been reported among Euphorbiaceae species.
In this study, the applicability of rep-PCR was demonstrated as an effective tool in the diversity study among the spurge family.
Materials and methods

Plant materials
Seventeen Jatropha species were selected from Mauritius and India (Table 1) . For the Indian species, certified seeds were acquired from Odisha following set quarantine procudures in Mauritius. The seeds were germinated and their leaves used in this research work.
Isolation and quantification of genomic DNA
Genomic DNA was extracted from the leaves crushed to a fine powder by the standard CTAB method. The leaf tissues were ground with a mortar and pestle to a fine powder using liquid nitrogen. Five grams of the leaves powder were homogenized in 20 mL of extraction buffer (2% (w/v) CTAB, 20 mM EDTA, 2% (v/v) PVP, 1.4 M NaCl, 100 mM Tris-HCl (pH 8.0) and 1% (v/v) β-mercaptoethanol and incubated at 65°C for 45 min). The supernatant was treated with RNase A (10 mg/μL), incubated at 37°C for 30 mins and twice extracted with chloroform:isoamylalcohol (24:1 v/v). The DNA was precipitated with isopropanol and washed twice with 70% (v/v) ethanol. The pelleted DNA was air dried and resuspended in 500 μL of sterile millipore water and stored overnight at -20°C. The purity of the extracted DNA was determined by taking the ratio of absorbance at 260 nm and 280 nm.
Protocols
Rep-PCR
Amplification was carried out in a 20 μL reaction mixture consisting 50 ng/μL genomic DNA, 10 × PCR reaction buffer containing 15 mM MgCl 2 , 10 pM primer, 2.5 mM of each dNTP and 3 U/μL of Taq DNA polymerase (Genei, Bangalore, India). Amplification was performed in a thermal cycler (Eppendorf, Germany) PCR machine. The PCR conditions were 94°C for 3 min, followed by 45 cycles of DNA amplification 20 s at 92°C, 1 min at 52°C for BOXA1R primer and (1 min at 38°C for REP primers) and 8 min at 68°C and 15 min incubation at 68°C.
(1) BoxAIR: CTACGGCAAGGCGACGCTGACG, (2) REP1R:IIIICGICGICATCIGGC/REP1I: ICGICTTATCIGGCCTAC The PCR amplifications were done on 2% (w/v) agarose gel for 7-8 h at constant voltage (2 V/cm).
Cloning
To confirm that the amplicons obtained from rep-PCR were of mitochondrial genomes, six representative amplicons in the range of 575 bp to 1 kb in length for both BOX and REP primers, were extracted using a gel extraction kit (Qiagen, Hilden, Germany) and cloned into the PCR cloning vector, pMiniT Vector (NEB PCR Cloning Kit, new England biolads, UK). All the clones were sequenced at Inqaba (Pretoria, SA) from the Forward primer (5′ ACCTGCCAACCAAA GCGAGAAC 3′) and Reverse primers (5′ TCAGGGTTATTGTCTCATGA GCG 3′) available in the vector and subsequently the cloned sequences were blasted (NCBI, Gene Bank).
Data scoring and statistical analysis
For scoring and analysis of data from the two molecular markers (BOX and REP primers), the total number of monomorphic and polymorphic bands which were clear, unambiguous and reproducible were scored for the tested primers. Data scoring was carried out using a binary number system for '1' as the presence and '0' as the absence of fragment (band) for both primers. The percentage of polymorphism (PP) for the markers between the species were calculated from the formula PP = total number of polymorphic bands/total number of bands multiplied by 100. To compare the efficiency of each marker polymorphic information content (PIC) as a marker discrimination power, was computed using the formula PIC = 1 -Σ (p i ) 2 , where pi is the frequency of ith allele at a given locus [22, 23] . The Resolving power (R p ) (=Σ IB, where IB, informativeness band, takes the value of 1-2 × (0.5 -p), p being the proportion of the 17 species analyzed containing the band) of the markers, was also computed. Measure of similarity among 17 Euphorbiaceae species was established as matrices of genetic similarity compiled using the SIMQUAL function Jaccard's coefficients. Dendrograms representing the genetic relationship among all Jatropha species were generated from the similarity matrices by applying unweighted pair-group arithmetic mean method (UPGMA) (cluster analysis) with the SAHN function system. To measure the goodness of fit for 17 species, specific cluster in the UPGMA algorithm, the relationships between the original similarity coefficients and cophenetic values were evaluated, and the Mantel's test was performed and the Cophenetic correlation coefficients (r) were calculated. Principal component analysis (PCA) was also performed with modules DCENTER (transformation), CORR and EIGEN (ordination) using the Euclidean distances derived from the standardized values of the similarity coefficients for only polymorphic bands. Three dimensional (2-d) plots of the 17 euphorbias (OTU -Operational Taxonominal Unit) were output from by the PCA analysis using the Jaccard's eigen values with MOD3d (graphics) module. Diversity analyses were done in numerical taxonomy and multivariate analysis system (NTSYSpc version 2.21q) (numerical taxonomy system, Applied Biostatistics, NY) [24] . GenAIEx (version 6.5) and PopGen 32. softwares were used to estimate the genetic similarity, diversity indexes and Analysis of Molecular Variance between the different species. Dendrograms generated in this paper were compiled after the data were permutated (n = 10,000) to obtain significance using FreeTree 0.9.1.50. Dendrograms were visualized on MEGA Version 6 (2013) after bootstrapping using UPGMA. To ensure reproducibility the experiment was carried out five times.
Results
BOX and REP Primer polymorphism patterns
The two sets of primer, REP and BOX, gave successful amplification with a total of 183 and 260 bands respectively with band sizes lying between 60 bp-2060 bp and 180 bp-2970 bp respectively. 183 bands from REP and 257 bands were polymorphic band with polymorphism of 100% and 98.84% respectively ( Table 2) . BOX primer yielded the Table 1 Codes of Euphorbias species.
Species
Country Code
India Rc highest number of polymorphic alleles (29) for Codiaeum variegatum (yellow croton plant) followed with both the local and Indian species of Jatropha intergerrima (red) with 22 bands and the lowest number (1) for Jatropha manihot where Rep primer J. curcas (India), and Jatropha mahafalensis had the maximum (22) Table 2 ). The observed number of alleles, effective number of alleles, Nei's genetic diversity, Shannon's information index for the species with values ranging from 1.9-2.0, 1.49-1.58, 0.31-0.35 and 0.521-0.528 for BOX, REP and BOX + REP. The mean coefficient of the gene differentiation (Gst) value (71%) indicated that 39% the genetic diversity resided within the genotype (Euphorbiaceae species) ( Table 3) .
Analysis of the molecular variance showed that the source of variation between the species varied between 65% and 69% and within from 31% to 34% (Table 4 ). The highest in between the species variation was 68.96%.
Genetic similarity analysis
Cluster (or phylo) analysis and PCA charts are valuable presentation tool for the determination of the relationships that co-exist between and within species. Both the PCA plots and UPGMA dendrograms generated were comparable and useful to study the inter-diversity for 17 Euphorbiaceae using both REP and BOX primer.
For both the PCA plot and dendogram, three main clusters were generated (Fig. 1) . Cophenetic values and the similarity matrices revealed a very good degree of correlation fit (r = 0.9452) of the dendrogram. For inter-species genetic relationship among 17 species, the Jaccard's genetic similarity coefficients derived from the BOX data ranged from 0.00 (Jatropha manihot with most of the species except Ricinus communis from India) to 0.952 (J. curcas Mauritius and J. curcas India) ( Table 5) .
Dendrogram (Fig. 2 ) constructed based on REP Jaccard's similarity matrix demonstrated 4 clusters comparable to the PCA plots. REP showed the lowest genetic similarity coefficient between J. mahafalensis with all the Ricinus sp., C. variegatum (Cassava) and J. manihot (yellow croton) (0.0) while the highest value was obtained for J. integerrima (Mauritius and India) (0.741) and J. curcas Mauritius and J. curcas India (Table 6 ). This result showed that the inter-species genetic similarity of the genus Jatropha was fairly similar for two different rep-PCR based molecular markers. The Mantel test indicated a significant correlation results of REP (r = 0.8890).
The scoring data of both primers were pooled and analyzed for the same set of species and a very good Cophenetic correlation dendogram fit was obtained for BOX + REP data (r = 0.8958).
Seven to ten clusters were present in the PCA plot/dendrogram of BOX + REP dat (Fig. 3) . The level of similarity between J. mahafalensis and C. variegatum (yellow croton) (0.0), J. integerrima (red) (Mauritius and India) (0.862) and the Mauritian and Indian species of J. curcas (0.783) ad similar magnitude to that of the REP dendrogram ( Table 7) .
The 2D plot was generated in order to understand the relationship between the species and it gave three distinct clusters for BOX primer with Jatropha tanjorensis, Jatropha gossypifolia, J. podagrica, J. integerrima (red), J. mahafalensis, J. curcas, J. manihot and Jatropha multifida forming the major cluster (Fig. 1) .
Moreover the PCA plots revealed (a) that the first three most informative PC components explained 96%, 66%, and 73% of the total variation.
Cloned sequence
The blast search showed homology to both mitochondria and chloroplast genome sequences (Table 8 ). This may not be an abnormality as mitochondrial genomes are known to acquire sequences from chloroplast through horizontal gene transfer [1] .
Discussion
Molecular markers have largely been used in the characterization of species, confirmation of hybrids in inter-specific species, determination of crossability success, establishment of phylogenetic relationships, marker assisted selection and construction of framework linkage map [8] . Molecular markers are also a very reliable source of information as they are neutral to environmental influence and reveal differences at the whole genome level. Knowledge of genetic relationship among different species is primordial for studies of phylogenic relationships and evolutionary trend crossability relationships. Understanding the phylogeny of species relies on molecular markers that are able to show effective inferences about the genetic affinity between species. Determination of genetic relationship among species is useful in the management of genetic resources and successful interspecific hybridization [16] .
To analyze the genetic relationship of Jatropha species, Pamidiamarri et al. [6, 10] used AFLP and RAPD and Basha and Sujatha [8] tested ISSR, Level of significance based on 1000 permutation iteration steps (p b 0.001).
RAPD and chloroplast unilocus primers (ccmps). Prabakaran and Sujatha [6, 8] confirmed J. tanjorensis as a natural hybrid between J. curcas and J. gossypifolia based on morphological, cytological and biochemical. In the present investigation, the hybrid nature of J. tanjorensis between J. curcas and J. gossypifolia was further supported by REP and BOX markers. The Jaccard's genetic similarity coefficient generated for J. curcas/J. tanjorensis was slightly higher than of J. gossypifolia/J. tanjorensis. The genetic similarity observed was in accordance with Ganesh et al. [9] and Pamidiamarri et al. [10, 12] . The clustering patterns indicated that J. integerrima pink was situated closer to J. curcas than J. integerrima red, thus indicating clearly its polymorphae section. J. multifida and J. podagrica although morphologically different, can be easily identified as the two species are classified under same section, peltatae (Dehgan [2] ). The similarity Fig. 1 . Genetic relationships among the 17 species based on Jaccard's similarity coefficients (UPGMA) for BOX marker from Euphorbiaceae family. For both the PCA plot and dendogram, three main clusters were generated. Cophenetic values and the similarity matrices revealed a very good degree of correlation fit (r = 0.9452) of the dendrogram. For inter-species genetic relationship among 17 species, the Jaccard's genetic similarity coefficients derived from the BOX data ranged from 0.00 (J. manihot with most of the species except R. communis from India) to 0.952 (J. curcas Mauritius and J. curcas India) ( Table 5) . of J. multifida and J. podagrica which have been reported by Ganesh et al. [9] and Bahadur et al. [4] was distinguished by the use of a single primer, REP. Although, the clustering pattern depicted in the BOX and REP dendrograms are different, the common information about diversity among Jatropha species can still be accounted for. The observations are in line with both Ganesh et al. [9] , Pamidimarri et al. [10] and Basha and Sujatha [8] . Variability in diversity of the selected Jatropha species was effectively demonstrated by both markers, BOX and REP. Several markers were successful in differentiating between the Jatropha species under study and comparing with other species [22] .
Information obtained in terms of diversity of the several species has been well documented over the years with different type and quantity of markers which have been used to confirm certain information. Analysis of data and methods used play and important role when results are reported and conclusions are drawn. Ganesh et al. [9] and Pamidimarri et al. [10] used Jaccard similarity coefficient for the construction of the dendrogram whereas Basha and Sujatha [8] used similarity coefficient. Different pattern of clustering were observed, Ganesh et al. [9] and Pamidimarri et al. [10] shared the same clustering pattern regardless of the number and types of primer used. Fig. 3 . Genetic relationships among the 17 species based on Jaccard's similarity coefficients (UPGMA) for BOX + REP marker from Euphorbiaceae family. The results are calculated with various coefficients; many different similarity coefficients are suggested for use in their determination. The consequence of selecting different coefficients affects the clusters obtained by Sesli and Yegenoglu [5] . In this study, the influence of the choice among two different methods of calculating similarity coefficients with and without the negative occurrences, Jaccard and single matching genetic similarity based on the UPGMA, for BOX and REP for the 17 accessions investigated. The Jaccard, Sorensen-Dice, Anderberg, and Ochiai coefficients are recommended because they are easy to explain and they do not consider negative co-occurrences as observed and the pooled scoring data of the primer sets was also effective in generating species inter-specific information.
Conclusions
The 17 accessions studied could be unambiguously identified with two sets of rep-PCR primers, BOX and REP. The primers were effective in clustering the Jatropha species according to their subgenus and J. tanjorensis as a hybrid. The rep-PCR technique proved to be less time consuming, rapid and effective in distinguishing among inter-specific species. It was also demonstrated that the molecular diversity corroborates with the extensive morphological diversity among the species which could be beneficial for agronomically improving J. curcas. It is likely that rep-PCR can be used for inter-specific studies but further experiments and resources are needed to complete this study and to confirm the effective application of this method in plants.
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